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[ Abstract] Acute mountain sickness (AMS), a condition characterized primarily by symptoms such as headache
and nausea, has a high incidence and seriously affects the life and health of individuals undertaking rapid ascensions to
high altitudes. The main pathophysiological manifestations of AMS include cerebral vasodilation and transient increases
in intracranial pressure, with severe cases potentially incurring cerebral edema. The occurrence and development of AMS
is associated with factors such as the susceptibility, physiological state, and psychological state of an individual. The
molecular mechanisms involved include inflammatory responses, oxidative stress, immune regulation, and energy
metabolism at the levels of genes, proteins, and metabolism. The management of AMS includes both prevention and
treatment strategies. This article provides a comprehensive discussion of AMS from several aspects, including diagnosis,
pathophysiological manifestations, susceptibility factors, molecular mechanisms, and prevention and treatment strategies.
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W T B 3 T ORI IR A VAR A0 B 5 307 0 ) 2 4%
(Lake Louise AMS Score, LLAS)WFIFREEREIR TS, I%
SEATE SR AL G SR Ll k&L R RE L Bl
IREE 9257 . RIRFIVERESET S — ERA 2 AMSHY)
FEAFIE, AMSIESr RGeAAE R T 3K 7212 W1 A B2
P BRI, B B P25 5 76 AMSIZ IR o 4 11 200 52 3] o ¢ .
AWVFSE o, BENRIAYT . 15 18] 1 2000 R 5 AMS A 56
WA GITEZERY, KL, 720144 EFR L R 225
F120154F [ bR o A WFT 2 8 5, 20184 148 Fe H HL
T 7 BB BB S S AMSIZ BT 23 AORE AR

FOR AR LLAS AR IR 00 /WK | 9% 57/ =
1 KR FEARER, BRI IR TC . B, P, 4R
JUE ST AR 1R 0 ~ 34, PRAr R AR AT
PAH 23 A TR e, o mT LR A9 2 1) 2383 Tl i) 9
TESRE S, BUE RN R A 0 7 kAT . R BT 4
Z/0 345y, BP0 B m RS RS, IR 4
AT ARSI M AMS . ARAE S5, AMSHT LA#E— 04l 43
FEREE (3~ 553)  FRE(6 ~ 943) FITEJE (10 ~ 1243) .
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J&& 9 155 JE G 7K i (high-altitude cerebral edema, HACE) )
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e SR L
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JE BRI 000 m, KR FRIE N 13%(95% & 15 X []: 9.5 ~
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VA 1 IX 4 AT A0 s XU TR L IR k2 24
R AL A 3G 0 A WU

H AT, XFAMS 5 B 1 i A £ 23 Iy kAT —
2 DA e S ) A A B R 1) 28 A i B R s skl A SR
PR, W TR 55 (body mass index, BMI) o] /A
AMSIPR ST 95 PR, Jili 2 e v %) ] 5 i 7% £ (forced
vital capacity, FVC)"™"| e KIS i it (peak expiratory
flow, PEF) F11 sHH 70T 45 FH (forced expiratory volume in
one second, FEV,) & 5 T AMS i 1262, .0 v B ST B ALK
PR AT FUM AM S Bl ik ifil 4016 1 EE (arterial blood
oxygen saturation, SaO,) i) 51 2 Wil vl fz 4 & Dy R P i
FRRE, ATV O AMSHY AR 98455 —J2 OB I8R5
AMSHIICZR, QA A B0 3R AR S0 B R L 5
AMSEAAFAEARDCNE; = J2 AW FEE DR K- 1 kA7
Ty IEHE R ) i 25, (40175 % [l ¥ - 1a(hypoxia inducible
factor-1a, HIFLa) Je il 40 i PR 8 1 il 48 v e o B ) e o
K7, ‘B R L, G e 2L A 3R (erythropoietin,
EPO). Il W A K ¥ (vascular endothelial growth
factor, VEGF) . W [z A —& L A & 1 (endothelial nitric
oxide synthase, eNOS) % |- F AL BE A, Jf7E HAD A 119
BT A SRR R 5%
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—E KHR, 5 AMS G B HATAR SCHERYFE AT B R -1
B TR R - T IR AR 0 AH Ok DY I A8 R 9K R A e 1l
(angiotensin converting enzyme gene, ACE) fl M4 B 5K &
Ji(angiotensinogen gene, AGT) . #/K v £ (3
HSPAIBFIHSPAIL, 5 /E(5 5 ARG GHE L HEp3EE A
(G protein subunit beta 3 gene, GNB3) . # Bt H IEE 2 il
FIGEFER AP H RS- 5 Mmu 1(glutathione S-
transferase mu 1 gene, GSTM1) . eNOS5E, UK N #t
AMSHE UBIE IR (R AU SZ 48 Egl- 9 ZE e B4
FHF 15K (Egl-9 family hypoxia inducible factor 1 gene,
EGLNDJ5’ -UTREH DU NHE A= AMSH SRR,
DUBNBER P B PASESHY 1AL 5 8 - 17 [ (endothelial
PAS domain-containing protein 1 gene, EPASI) FlIfL4E 4
Jz A K N F- AL (vascular endothelial growth factor gene,
VEGFA) ) 2 35 1E5 AMSBYREIRAH G 5 8, 9 B 3%
15 (endothelin 1 gene, EDN1) ¥ iR £ & M
rs207069945 i K 1 T ] /& AMS K AR Y Ml 57 fE [
R TR R REAAAE S B, AR 45 SRR
ARTEIEO, B X AMS Jp S i ik DR Bk P 22 28 1k L R B TR
EHAEHIAHSCHSE, H AT M ICE R

PHAMAE A S iy ek 2 8 J ILIROREAS R 7 5%
BTSRRI, TE R IR TR R AR 1R, JLAD RAEAH Xk
PR b 38, F 45 12 #% 22 % 2 111 (high mobility group box 1
gene, HMGBI) [ K s 38 76 8 J5t > Rt R rp 25 1R AN A
3K, JURP ST i s 14 22 S AR B K o 4, (A% Y T kB
(nuclear factor kappa-B gene, NF-xB) FITollF:5Z A& (TLR)
{55l . FasHL{K(Fas ligand, FASLG) FISMADZ J i
517(SMAD family member 7, SMAD7) -5 AMSPF-43 il 5 Jit
SR A A S EE AKP AR DG, 7R S i3 m] BEAE 5
JE AR P AR

JULIANAEPHR RN 73 M e B 28 8 TR 64509 b,
AMS 5 BB BT A AR RO 8 1 B ik B T
1o, RMCEACER S TAMSIEE WAL R % BA
— R R, AR R B9 h)E, AMSHY 52 241 =R 1R
(tricarboxylic acid, TCA) B . MEREME . MR TN G
PR OG0 25 FRAIK, TT AMS 5 SR U e ) J 22
5, PR S B AR A B S AMSTH 3235 T LUE i H I TCA
T8 P TV P27 gt A Il 40 I A, e a2 2 13 o fige A
B ORI BE AR, e 7E i PR Y T ol AR E i
Fe e AMSHURRZH RN 52 2H 1) 1 3% A 3 A B, 22 ek
#5 H (differential expression proteins, DEPs) 3% & # T4
ANMETE AL . R AN A T 1 S RN S By, v
L7 TE M FEP AL 7 (serum amyloid P Component, SAP)

al-Pi 8 H B (alpha-1 antitrypsin, AAT) . ZLEREH
(lactotransferrin, LTF) FI#R 72 85 FHHSP9O0-aft AMSHER
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AR BT DR 1 25 1T i A9 AR AR A, e
44BN 4RI AR T4 2522 1k, s D ) JRK
A5 24 2H B 55 i LA AS o 5 b 22 S Rk i AR, an
M2 RBENR T, BRI, A A Zmt e .
LM 2 TR BRRR AT SR AR 36 R A
Y145 W PRAAE i BEAH G, Horp, 27Fh 305 1, 9FPaRik T
VA, T LA S S A AR DR IR AU R AR . AU AL A
B SR PR M 235 0T B, XS 7 55 -
L BN TR 4 1§ 2(5'-aminolevulinate synthase 2 gene,
ALAS2) | IfiJFHE K (hemogen, HEMGN %5 1 217 14 i
IRAR B M R BE R 2R L PRAEAE 5 0GR X
1744 B B 55 M R s e s ) B 20 sk A T v D 2 i
B 1 PRI 2 530 R B, AMS 5 AE AMS/MATE
ST K PRGN 22 5 A e 0 S AR 25 5k
IS AL LR AN 18 P BRK T TR, U IR A1 A e 1R /K
PR 254300 A 18K, AMSHIHEAMS 2 5# 2
(] BRI A I P ) 22 57 BT B, i — 2P 22 5 3R KA
B TR, AT A S R A
T PG U, BRI T AT DL i B g A
AN G B I AMSIEAR o PRy (Ui IR 2 | 4L
SR . NS B )IRTT AMSIAE Pt 32 220l
1o 34 15 HIF- 1o/ NF-kB{5 5 38 fi6, 410 9 E SR A S A iz
U, s RE A, PEMT T 2 AMSHYAEAR™

5 ks

EE Wi N IR 7 S R VAL N NE 24 /N B ) g =X = 812
PRIX G AH B R B TCR IR AL s Bt IR
T B AMS i ] & HL 2 4 0 05 10, RIVE 2 fn ik
PRSI SR, ] e s 2 S T m] e T 18 ™, X 1
FLAb AT e ) T8 . BRI, X a2
H T A AEAMSHY TR G2 ZE R AMS 5 1k
PERIEOL T, WTaE i LA Jr A T B

(1) TUIE N FHLIE 7 2 — AT LAAT 28 00T B e D PO
Jit, 0B T 2 T A g YA A DX )6 B A A 85 B A A
P N HATIE N . BFFEARI, TG W 1 HE AR i B (TE i
JE LR R ) 5 B T B3 B AR 2 1A Y
7% 22N TE2000 mUAN, 3 W 227 dRA b B H Al ik
8 hil LAgK s o —Ii/INEL R ML 22 Jet el 22 I, i 222 )]
FERCALL AR IR 755 15 2200 ~ 2600 mAh 77 [ B IR T L33 5 78 7
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#4600 m T LAMS™ AR AR 48U Pl 1o B A &4, (H
AT foff 8 AV 4 AL 3 YA s, XA X B S P P 5%
BTSN, H AT R, B H AR S 562 2R
TR BB INIEAS B SIS 5 SR o 22 TIE
D5 S IE L5 5 A — B, PR T3S 1 A0 B B v SR
S AR — R

(2) AMSHY'E H: WA o i S Bl 8 B8O i
WA K A AMS KU B g, FER LR SE TR
ML BREZ FTAMSIAHITE AMSHY & A2 R e rp k1 25
TR, Ik R R Bk R TR 1 R
AR AR R Bsf 150 CRE 1) 2 e i il 7K i FTHACE ) 7 48880 A
A WL, — FLH I SRR N A5 Lk b T, RN
WO WA [ AR AR o A R VR X R BT 3
SARTEAMSIY KA, ARak A Ak 3 45 B AR X PR
RS BT e Bh TR BEE

(3) 2T - N IZAT A e VAR AN T 52 95 s 4 APkt
L E SR IX R (A3 G S AR 3 000 mth
X 3) T3 1 2451, 40 2 Pk e e o b SE K Ay, RIS 1
T, T AT LA RIS AMSE) 42 LR i P Eh AR
ROVl XoF A e S B S 2, A i % A 08 L T
B FHZ4 TE E 2L

6 i8YT

AMSHIRYT B TAE IR ™ 5 R BE BT 25
PR AT IR AMSHYME— R A EIRY T Tk . AR
VF, ST REAT AU AMSHE AR, AT AR R SR RS 1Y)
— PR

FRAE SR E AR STIRYT, Wk St — 2P T | RS
B R PR BEIETR YT, WU | 1knk, REEURH RETE
24 ~ 48 hAINIE N, JF HARRZEME™ . rh 3 B AR
R T RETT AR IRAL T2y, N AR SRR | b gE
KA, HBEST IR R 5 B AOIX . fERFA,
4 B A SR R T BT I, AT A 485 5 TR 4R
7o XTREREE H, — B R ARSI, T DI
L ZERRAIATY, M SR 1] 2 i AMSIREIR™ . 27 i
RS e AR B RS R JRURA T, LA B £ TR 2 025 1 i
TR

2 g, RUSE X St IR NS 2, X AMS
BIRLT K B 6 IR —E 1 T gk, {HAMSIR A0 R AT IR Ji
AT AR R e BRI Y 22 AR B AR AR 1 Y
R, SR IRE O AT AR T A BSR4
o Y 7 A DAl N HEAMS 8 53 B, D15 BT AMS 4
RAAIRTT ERAG, A EZ RS 5,

I AMSHYAE BRER BER-2 AR, S 447 i N A e 4%
H B

* * *
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Author Contribution CHEN Ling is responsible for conceptualization,
investigation, and writing--original draft. WU Shizheng is responsible for
supervision and writing--review and editing. LUO Fengming is responsible
for conceptualization, supervision, and writing--review and editing. All
authors consented to the submission of the article to the Journal. All authors
approved the final version to be published and agreed to take responsibility
for all aspects of the work.

MR FTAEE LS IR 5 e

Declaration of Conflicting Interests All authors declare no competing

interests.

L % X W

(1] SCTREREER A . 5B KIS WhRIE(19954F AR BR 2 Sebriafe) S H
YA A, W BRI, 2010, 1:5-9.

Introduction of the nomenclature, classification and diagnosis criteria of
high altitude disease in China (Chinese Medical Association Standard in
1995) and its English translation. ] High Alt Med, 2010, 1: 5-9.

[2] LUKS A M, BEIDLEMAN B A, FREER L, et al. Wilderness Medical
Society clinical practice guidelines for the prevention, diagnosis, and
treatment of acute altitude illness: 2024 update. Wilderness Environ Med,
2024, 35(1_suppl): 28-19S. doi: 10.1016/j.wem.2023.05.013.

[3] ROACHRC,HACKETT P H, OELZ O, et al. The 2018 Lake Louise acute
mountain sickness score. High Alt Med Biol, 2018, 19(1): 4-6. doi: 10.
1089/ham.2017.0164.

[4} HONIGMAN B, THEIS M K, KOZIOL-MCLAIN J, ef al. Acute mountain
sickness in a general tourist population at moderate altitudes. Ann Intern
Med, 1993, 118(8): 587-592. doi: 10.7326/0003-4819-118-8-199304150-
00003.

[5] WUTY,DINGS Q, LIUJ L, et al. Who are more at risk for acute
mountain sickness: a prospective study in Qinghai-Tibet railroad
construction workers on Mt.Tanggula. Chin Med ] (Engl), 2012, 125(8):
1393-1400.

[6] SIBOMANA I, FOOSE D P, RAYMER M L, et al. Urinary metabolites as
predictors of acute mountain sickness severity. Front Physiol, 2021, 12:
709804. doi: 10.3389/fphys.2021.709804.

[7] ARALDIE, SCHIPANI E. Hypoxia, HIFs and bone development. Bone,
2010, 47(2): 190-196. doi: 10.1016/j.bone.2010.04.606.

[8] ANDERSON P J, WOOD-WENTZ C M, BAILEY K R, et al. Objective
versus self-reported sleep quality at high altitude. High Alt Med Biol,
2023, 24(2): 144-148. doi: 10.1089/ham.2017.0078.

[9] MEIER D, COLLET T H, LOCATELLI I, et al. Does this patient have
acute mountain sickness? The rational clinical examination systematic

review. JAMA, 2017, 318(18): 1810-1819. doi: 10.1001/jama.2017.16192.


https://doi.org/10.1016/j.wem.2023.05.013
https://doi.org/10.1016/j.wem.2023.05.013
https://doi.org/10.1089/ham.2017.0164
https://doi.org/10.1089/ham.2017.0164
https://doi.org/10.1089/ham.2017.0164
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.7326/0003-4819-118-8-199304150-00003
https://doi.org/10.3389/fphys.2021.709804
https://doi.org/10.3389/fphys.2021.709804
https://doi.org/10.1016/j.bone.2010.04.606
https://doi.org/10.1016/j.bone.2010.04.606
https://doi.org/10.1089/ham.2017.0078
https://doi.org/10.1089/ham.2017.0078
https://doi.org/10.1001/jama.2017.16192
https://doi.org/10.1001/jama.2017.16192

1422

PRS2 (B 2D

5 554

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

SAVIOLI G, CERESA I F, GORI G, et al. Pathophysiology and therapy of
high-altitude sickness: practical approach in emergency and critical care. |
Clin Med, 2022, 11(14): 3937. doi: 10.3390/jcm11143937.

BURTSCHER M, WILLE M, MENZ V, et al. Symptom progression in
acute mountain sickness during a 12-hour exposure to normobaric
hypoxia equivalent to 4500 m. High Alt Med Biol, 2014, 15(4): 446-451.
doi: 10.1089/ham.2014.1039.

IMRAY C, CHAN C, STUBBINGS A, et al. Time course variations in the
mechanisms by which cerebral oxygen delivery is maintained on exposure
to hypoxia/altitude. High Alt Med Biol, 2014, 15(1): 21-27. doi: 10.1089/
ham.2013.1079.

LAWLEY J S, LEVINE B D, WILLIAMS M A, et al. Cerebral spinal fluid
dynamics: effect of hypoxia and implications for high-altitude illness. |
Appl Physiol (1985), 2016, 120(2): 251-262. doi: 10.1152/japplphysiol.
00370.2015.

STOKUM J A, GERZANICH V, SIMARD J M. Molecular
pathophysiology of cerebral edema. ] Cereb Blood Flow Metab, 2016,
36(3): 513-538. doi: 10.1177/0271678X15617172.

TURNER R E F, GATTERER H, FALLA M, et al. High-altitude cerebral
edema: its own entity or end-stage acute mountain sickness? ] Appl
Physiol (1985), 2021, 131(1): 313-325. doi: 10.1152/japplphysiol.00861.
2019.

MURDOCH D R. Altitude illness among tourists flying to 3740 meters
elevation in the Nepal Himalayas. ] Travel Med, 1995, 2(4): 255-256. doi:
10.1111/j.1708-8305.1995.tb00671.x.

SHEN Y, YANG Y Q, LIU C, et al. Association between physiological
responses after exercise at low altitude and acute mountain sickness upon
ascent is sex-dependent. Mil Med Res, 2020, 7(1): 53. doi: 10.1186/s40779-
020-00283-3.

WU TY, DING S Q, LIU J L, et al. Who should not go high: chronic
disease and work at altitude during construction of the Qinghai-Tibet
railroad. High Alt Med Biol, 2007, 8(2): 88-107. doi: 10.1089/ham.2007.
1015.

SCHNEIDER M, BERNASCH D, WEYMANN J, et al. Acute mountain
sickness: influence of susceptibility, preexposure, and ascent rate. Med Sci
Sports Exerc, 2002, 34(12): 1886-1891. doi: 10.1097/00005768-200212000-
00005.

FATE WEAM, PNZLIE, . PR TR RS Sk o SRR R R O 23
Mr. B 2GS R AR, 2006, 15(1): 85-86. doi: 10.3760/j.issn:1671-0282.
2006.01.027.

WANG Y F, CIDANQUNPEI SUN H J, et al. Correlation analysis of
body mass index and incidence of acute mountain sickness. Chin ] Emerg
Med, 2006, 15(1): 85-86. doi: 10.3760/j.issn:1671-0282.2006.01.027.

YU J, LIU C, ZHANG C, et al. EDN1 gene potentially involved in the
development of acute mountain sickness. Sci Rep, 2020, 10(1): 5414. doi:
10.1038/541598-020-62379-z.

JRI A, R ERIE, BEORIE, . T BRI s X R i SRS N b SR T
MR, P B S 2422, 2004, 25(1): 13-15. doi: 10.3969/j.

issn.1007-8622.2004.01.005.

[23]

(24]

[25]

(26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

ZHOU Q Q, GAO Y Q, HUANG QYY, et al. Preliminary study on the
predictive value of lung function measurement in patients susceptible to
acute altitude sickness. Northwest ] Def Med, 2004, 25(1): 13-15. doi: 10.
3969/j.issn.1007-8622.2004.01.005.

TRARME, B ARAE, SR Dk R R AR DGR I R R . i R 2245,
2012, 42(11): 7-11.

WEICM, LUO Y H, ZHANG Z. Analysis of risk factors associated with
acute mountain sickness. Qinghai Med J, 2012, 42(11): 7-11.

WeltE G, AR, BTWINE, A5, M SUHLRIEE 5 2t s JEOR G R 1 Meta gy
BT AR PR 2443, 2013, 38(11): 940-943. doi: 10.11855/j.issn.0577-
7402.2013.11.16.

YOUHY, LIX X, HUANG C H, et al. Meta-analysis of the relationship
between blood oxygen saturation and acute mountain sickness. PLA Med
J, 2013, 38(11): 940-943. doi: 10.11855/j.issn.0577-7402.2013.11.16.
FRPG, BEHAE, FURIR, 55, ks RN S D AR OC R, o
[EL0 B P A Z43, 1996, 10(1): 22. doi: 10.3321/1.issn:1000-6729.1996.01.
009.

ZHANG X Z, XIE X H, BAI H H, et al. Relationship between acute
mountain sickness and individual psychological characteristics. Chin J
Ment Health, 1996, 10(1): 22. doi: 10.3321/j.issn:1000-6729.1996.01.009.
ST, X, AR, A5 HEAE ST S s IS B B HER B
KAIMBEIATE. 57 3 AL 24, 2018, 36(7): 504-505. doi: 10.
3760/cma.j.issn.1001-9391.2018.07.006.

CHAI W L, LIU X F, WANG Y Q, et al. Sampling survey of the
relationship between acute mountain sickness and mental health of
officers and soldiers. Chin J Ind Hyg Occup Dis, 2018, 36(7): 504-505. doi:
10.3760/cma.j.issn.1001-9391.2018.07.006.

MACINNIS M J, KOEHLE M S, RUPERT ] L. Evidence for a genetic basis
for altitude illness: 2010 update. High Alt Med Biol, 2010, 11(4): 349-368.
doi: 10.1089/ham.2010.1030.

ZHANG E, ZHANG J, JIN ], et al. Variants of the low oxygen sensors
EGLN1 and HIF-1AN associated with acute mountain sickness. Int ] Mol
Sci, 2014, 15(12): 21777-21787. doi: 10.3390/ijms151221777.

ZHANG ] H, SHENY, LIU C, et al. EPASI and VEGFA gene variants are
related to the symptoms of acute mountain sickness in Chinese Han
population: a cross-sectional study. Mil Med Res, 2020, 7(1): 35. doi: 10.
1186/540779-020-00264-6.

DEHNERT C, WEYMANN J, MONTGOMERY H E, et al. No association
between high-altitude tolerance and the ACE I/D gene polymorphism.
Med Sci Sports Exerc, 2002, 34(12): 1928-1933. doi: 10.1097/00005768-
200212000-00011.

PHAM K, FROST S, PARIKH K, et al. Inflammatory gene expression
during acute high-altitude exposure. ] Physiol, 2022, 600(18): 4169-4186.
doi: 10.1113/JP282772.

JULIAN C G, SUBUDHI A W, HILL R C, et al. Exploratory proteomic
analysis of hypobaric hypoxia and acute mountain sickness in humans. J
Appl Physiol (1985), 2014, 116(7): 937-944. doi: 10.1152/japplphysiol.
00362.2013.

LU H, WANG R, LI W, et al. Plasma proteomic study of acute mountain


https://doi.org/10.3390/jcm11143937
https://doi.org/10.3390/jcm11143937
https://doi.org/10.3390/jcm11143937
https://doi.org/10.1089/ham.2014.1039
https://doi.org/10.1089/ham.2014.1039
https://doi.org/10.1089/ham.2013.1079
https://doi.org/10.1089/ham.2013.1079
https://doi.org/10.1089/ham.2013.1079
https://doi.org/10.1152/japplphysiol.00370.2015
https://doi.org/10.1152/japplphysiol.00370.2015
https://doi.org/10.1152/japplphysiol.00370.2015
https://doi.org/10.1152/japplphysiol.00370.2015
https://doi.org/10.1177/0271678X15617172
https://doi.org/10.1177/0271678X15617172
https://doi.org/10.1152/japplphysiol.00861.2019
https://doi.org/10.1152/japplphysiol.00861.2019
https://doi.org/10.1152/japplphysiol.00861.2019
https://doi.org/10.1152/japplphysiol.00861.2019
https://doi.org/10.1111/j.1708-8305.1995.tb00671.x
https://doi.org/10.1111/j.1708-8305.1995.tb00671.x
https://doi.org/10.1111/j.1708-8305.1995.tb00671.x
https://doi.org/10.1111/j.1708-8305.1995.tb00671.x
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1186/s40779-020-00283-3
https://doi.org/10.1089/ham.2007.1015
https://doi.org/10.1089/ham.2007.1015
https://doi.org/10.1089/ham.2007.1015
https://doi.org/10.1097/00005768-200212000-00005
https://doi.org/10.1097/00005768-200212000-00005
https://doi.org/10.1097/00005768-200212000-00005
https://doi.org/10.1097/00005768-200212000-00005
https://doi.org/10.1097/00005768-200212000-00005
https://doi.org/10.1097/00005768-200212000-00005
https://doi.org/10.1097/00005768-200212000-00005
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.3760/j.issn:1671-0282.2006.01.027
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.1038/s41598-020-62379-z
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.3969/j.issn.1007-8622.2004.01.005
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.11855/j.issn.0577-7402.2013.11.16
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3321/j.issn:1000-6729.1996.01.009
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.3760/cma.j.issn.1001-9391.2018.07.006
https://doi.org/10.1089/ham.2010.1030
https://doi.org/10.1089/ham.2010.1030
https://doi.org/10.3390/ijms151221777
https://doi.org/10.3390/ijms151221777
https://doi.org/10.3390/ijms151221777
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1186/s40779-020-00264-6
https://doi.org/10.1097/00005768-200212000-00011
https://doi.org/10.1097/00005768-200212000-00011
https://doi.org/10.1097/00005768-200212000-00011
https://doi.org/10.1097/00005768-200212000-00011
https://doi.org/10.1097/00005768-200212000-00011
https://doi.org/10.1097/00005768-200212000-00011
https://doi.org/10.1113/JP282772
https://doi.org/10.1113/JP282772
https://doi.org/10.1152/japplphysiol.00362.2013
https://doi.org/10.1152/japplphysiol.00362.2013
https://doi.org/10.1152/japplphysiol.00362.2013
https://doi.org/10.1152/japplphysiol.00362.2013

6 3 M 3% 2otk w4 AL 50 S B B EIR 1423

sickness susceptible and resistant individuals. Sci Rep, 2018, 8(1): 1265.
doi: 10.1038/s41598-018-19818-9.

[34] GUO H, WANG Q, LI T, et al. Potential plasma biomarkers at low
altitude for prediction of acute mountain sickness. Front Immunol, 2023,
14: 1237465. doi: 10.3389/fimmu.2023.1237465.

[35] LIUB, CHEN J, ZHANG L, et al. IL-10 dysregulation in acute mountain
sickness revealed by transcriptome analysis. Front Immunol, 2017, 8: 628.
doi: 10.3389/fimmu.2017.00628.

[36] CHANG Y, ZHANG W, CHEN K, et al. Metabonomics window into
plateau hypoxia. ] Int Med Res, 2019, 47(11): 5441-5452. doi: 10.1177/
0300060519879323.

[37] LIUC,LIU B, LIU L, et al. Arachidonic acid metabolism pathway is not
only dominant in metabolic modulation but associated with phenotypic
variation after acute hypoxia exposure. Front Physiol, 2018, 9: 236. doi:
10.3389/fphys.2018.00236.

[38] ZHUH, YANG Y, L1 Z, et al. An integrated network pharmacology and
metabolomics approach to reveal the immunomodulatory mechanism of
Brassica rapa L. (Tibetan Turnip) in fatigue mice. Food Funct, 2022,
13(21): 11097-11110. doi: 10.1039/d2f002308c.

[39] WU Z, WANG Y, GAO R, et al. Potential therapeutic effects of traditional
Chinese medicine in acute mountain sickness: pathogenesis, mechanisms
and future directions. Front Pharmacol, 2024, 15: 1393209. doi: 10.3389/
fphar.2024.1393209.

[40] LUKS A M, AUERBACH P S, FREER L, et al. Wilderness Medical Society
clinical practice guidelines for the prevention and treatment of acute
altitude illness: 2019 update. Wilderness Environ Med, 2019, 30(4S): S3-
$18. doi: 10.1016/j.wem.2019.04.006.

[41] PESCE C, LEAL C, PINTO H, et al. Determinants of acute mountain
sickness and success on Mount Aconcagua (6962 m). High Alt Med Biol,
2005, 6(2): 158-166. doi: 10.1089/ham.2005.6.158.

[42] DEHNERT C, BOHM A, GRIGORIEV I, et al. Sleeping in moderate
hypoxia at home for prevention of acute mountain sickness (AMS): a
placebo-controlled, randomized double-blind study. Wilderness Environ
Med, 2014, 25(3): 263-271. doi: 10.1016/j.wem.2014.04.004.

[43] FULCO C S, BEIDLEMAN B A, MUZA S R. Effectiveness of
preacclimatization strategies for high-altitude exposure. Exerc Sport Sci

Rev, 2013, 41(1): 55-63. doi: 10.1097/JES.0b013e31825eaa33.

[44] FAULHABER M, POCECCO E, GATTERER H, et al. Seven passive 1-h
hypoxia exposures do not prevent AMS in susceptible individuals. Med
Sci Sports Exerc, 2016, 48(12): 2563-2570. doi: 10.1249/MSS.00000000
00001036.

[45] ROACH R C, MAES D, SANDOVAL D, et al. Exercise exacerbates acute
mountain sickness at simulated high altitude. ] Appl Physiol (1985), 2000,
88(2): 581-585. doi: 10.1152/jappl.2000.88.2.581.

[46] LIPMAN G S, KANAAN N C, HOLCK P S, et al. Ibuprofen prevents
altitude illness: a randomized controlled trial for prevention of altitude
illness with nonsteroidal anti-inflammatories. Ann Emerg Med, 2012,
59(6): 484-490. doi: 10.1016/j.annemergmed.2012.01.019.

[47] Van PATOT M C, LEADBETTER G 3rd, KEYES L E, ef al. Prophylactic
low-dose acetazolamide reduces the incidence and severity of acute
mountain sickness. High Alt Med Biol, 2008, 9(4): 289-293. doi: 10.1089/
ham.2008.1029.

[48] BARTSCH P, BAUMGARTNER R W, WABER U, et al. Comparison of
carbon-dioxide-enriched, oxygen-enriched, and normal air in treatment
of acute mountain sickness. Lancet, 1990, 336(8718): 772-775. doi: 10.
1016/0140-6736(90)93240-p.

[49] HACKETTP H, ROACHRC. High-altitude illness. N Engl ] Med, 2001,
345(2): 107-114. doi: 10.1056/NEJM200107123450206.

[50] KELLER H R, MAGGIORINI M, BARTSCH P, et al. Simulated descent v
dexamethasone in treatment of acute mountain sickness: a randomised
trial. BMJ, 1995, 310(6989): 1232-1235. doi: 10.1136/bm;j.310.6989.1232.

[51] GRISSOM C K, ROACH R C, SARNQUIST F H, et al. Acetazolamide in
the treatment of acute mountain sickness: clinical efficacy and effect on
gas exchange. Ann Intern Med, 1992, 116(6): 461-465. doi: 10.7326/0003-
4819-116-6-461.

(2024 - 07 — 304k, 2024 — 11 - 09f& 7))
i x| A
FEBERER ARG AR 2 R — AR R
AT 4 O PRFATBM (CC BY-NC 4.0), PEAI{E B i 1)
https://creativecommons.org/licenses/by/4.0/
OPEN ACCESS This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 (DU R2F2ER (BE2ERR) VoS

Editorial Office of Journal of Sichuan University (Medical Sciences)

fE& & v

/v
\TAN
AN RARE RS FILN) |
Care Med 5 E INAMUB A AR T & 2183100435 o

H. #BEWEELAA SR B85
Wio Sela AR EFE PR AR ER ARBIAR AR BT A AR
e — S RAF R, <SP LIS AA SRR AR | T AR RIEARA SL L U4 A
HHEZAAREOR SN . KIFE WA BT TASENA . 22302 (Rl Bk 2o X 52 T
#3K/Z 5 EBRE N ISR T8I, Fahsi S5 AR L E2H, TEdm J Respir Crit

BN, PSR AAEPY R BB I . 2. FEARBRIN, E A R, DU R gy 1 B e St R
LA R A S A
] B et s Bh L WFIARYT . SEIE AR IR SRR e I
PR EA 2 A RN GRS SR . PO IR R TR 42047

RIS T R AT BEFETT 1 Uk g i A AL AF
EPRERS RS Sl

AR AR


https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.1038/s41598-018-19818-9
https://doi.org/10.3389/fimmu.2023.1237465
https://doi.org/10.3389/fimmu.2023.1237465
https://doi.org/10.3389/fimmu.2017.00628
https://doi.org/10.3389/fimmu.2017.00628
https://doi.org/10.1177/0300060519879323
https://doi.org/10.1177/0300060519879323
https://doi.org/10.1177/0300060519879323
https://doi.org/10.3389/fphys.2018.00236
https://doi.org/10.3389/fphys.2018.00236
https://doi.org/10.1039/d2fo02308c
https://doi.org/10.1039/d2fo02308c
https://doi.org/10.3389/fphar.2024.1393209
https://doi.org/10.3389/fphar.2024.1393209
https://doi.org/10.3389/fphar.2024.1393209
https://doi.org/10.1016/j.wem.2019.04.006
https://doi.org/10.1016/j.wem.2019.04.006
https://doi.org/10.1089/ham.2005.6.158
https://doi.org/10.1089/ham.2005.6.158
https://doi.org/10.1016/j.wem.2014.04.004
https://doi.org/10.1016/j.wem.2014.04.004
https://doi.org/10.1016/j.wem.2014.04.004
https://doi.org/10.1097/JES.0b013e31825eaa33
https://doi.org/10.1097/JES.0b013e31825eaa33
https://doi.org/10.1097/JES.0b013e31825eaa33
https://doi.org/10.1249/MSS.0000000000001036
https://doi.org/10.1249/MSS.0000000000001036
https://doi.org/10.1249/MSS.0000000000001036
https://doi.org/10.1249/MSS.0000000000001036
https://doi.org/10.1152/jappl.2000.88.2.581
https://doi.org/10.1152/jappl.2000.88.2.581
https://doi.org/10.1016/j.annemergmed.2012.01.019
https://doi.org/10.1016/j.annemergmed.2012.01.019
https://doi.org/10.1089/ham.2008.1029
https://doi.org/10.1089/ham.2008.1029
https://doi.org/10.1089/ham.2008.1029
https://doi.org/10.1016/0140-6736(90)93240-p
https://doi.org/10.1016/0140-6736(90)93240-p
https://doi.org/10.1016/0140-6736(90)93240-p
https://doi.org/10.1016/0140-6736(90)93240-p
https://doi.org/10.1016/0140-6736(90)93240-p
https://doi.org/10.1016/0140-6736(90)93240-p
https://doi.org/10.1016/0140-6736(90)93240-p
https://doi.org/10.1056/NEJM200107123450206
https://doi.org/10.1056/NEJM200107123450206
https://doi.org/10.1136/bmj.310.6989.1232
https://doi.org/10.1136/bmj.310.6989.1232
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://doi.org/10.7326/0003-4819-116-6-461
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 急性高山病的诊断
	2 病理生理表现
	3 易感因素
	4 分子机制研究
	5 预防
	6 治疗
	参考文献

